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This policy memorandum defines the exemption criteria that will be used to determine which
projects can go forward and which grants can be awarded in the event EPA imposes highway
sanctions under Section 179(a) or Section 110(m) of the CAA. This policy memorandum
contains a description of the criteria for exemptions and clarification of the types of projects and
programs that are exempt. Projects for which exemptions cannot be granted are also included in
this policy memorandum.

General Description

Highway sanctions, when applied, halt the approval of projects and the award of any grants
funded under Title 23, U.S.C., except as defined in Section 179(b) and as clarified by this policy
memorandum. This applies to the following major funding programs:

Surface Transportation Program (STP).

National Highway System.

Interstate Maintenance.

Bridges.

Interstate Construction.

Interstate Substitution.

Congestion Mitigation and Air Quality Improvement Program (CMAQ).
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Projects funded under all other Title 23 programs and other authorizations are also subject to
sanctions, including demonstration projects identified by Congress and specified in the

ISTEA of 1991 under Sections 1103-1108 or in other laws, unless they meet the criteria set forth
in this policy memorandum. Additionaily, other Title 23 projects to be funded under previously
authorized programs (prior to passage of the ISTEA, such as the Federal-aid Urban, Federal-aid
Secondary Programs, etc.) may also be subject to certain highway funding restrictions under
highway sanctions.



Projects funded under Title 49, U.S.C. chapter 53, the Federal Transit Act, as amended, are
categorically exempt from sanctions by law as are other transportation programs authorized by
statutes other than Title 23.

Typical Nonexempt Projects

The following types of projects generally do not meet the exemption criteria in Section 179(b)(1)
and would not be allowed to be federally funded or approved under Title 23 unless it is
demonstrated that they meet one or more of the exemption criteria. These include projects that
expand highway or road capacity, nonexempt project development activities, and any other
project that does not explicitly meet the criteria in this policy memorandum. These may include
activities for:

. The addition of general purpose through lanes to existing roads.

. New highway facilities on new locations.

. New interchanges on existing highways.

. Improvements to, or reconfiguration of existing interchanges.

. Additions of new access points to the existing road network.

. Increasing functional capacity of the facility.

. Relocating existing highway facilities.

. Repaving or resurfacing except for safety purposes, as defined by section 179(b).

. Project development activities, including NEPA documentation and preliminary
engineering, right-of-way purchase, equipment purchase, and construction solely for non-
exempt projects.

10. Transportation enhancement activities associated with the rehabilitation and operation of

historic transportation buildings, structures, or facilities not categorically exempted.
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Project Exemptions

Under Section 179(b)(1) of the CAA, once EPA imposes highway sanctions, the FHWA may not
approve or award any grants in the sanctioned area except those which generally meet the criteria
within this memoradum. Congress specifically exempted projects which fall under three
categories: (1) safety programs and projects (under Section 179(b)(1)(A)); (2) seven
congressionally-authorized activities (under Section 179(b)(1)(B)(i-vii)); and, (3) air quality
improvement projects that would not encourage single occupant vehicle (SOV) capacity (under
Section 179(b)(1)(B)(viii) of the CAA). This policy memorandum further interprets and clarifies
these statutory exemption provisions.

1. Safety Programs and Projects
Safety projects are those for which the principal purpose is an improvement in safety but
the projects may also have other important benefits. These projects must resolve a



demonstrated safety problem with the likely result being a significant reduction in or
avoidance of accidents as determined by the FHWA. Such demonstration must be
supported by accident or other data submitted by the State or appropriate local
government.

Four general types of categories of safety-based programs and projects potentially meet
the exemption criteria: grant programs and related activities; Emergency Relief (ER)
projects; statewide safety improvement programs; and specific projects outside of a
statewide safety program. Each category calls for varying levels of justification.

a. Programs administered by NHTSA qualify for blanket exemptions, on the basis
that their principal purpose is to improve safety and do not include any capital
improvements. Programs that fall within this category include but are not limited
to: (1) Use Safety Belts and Motorcycle Helmets (23 U.S.C. 153); (2) Highway
Safety Programs (23 U.S.C. 402); (3) Highway Safety Research and Development
(23 U.S.C. 403); and (4) Alcohol-Impaired Driving Countermeasures
(23 U.S.C. 410).

b. The ER projects funded by Title 23 to repair facilities damaged or destroyed by
natural disasters, civil unrest, or terrorist acts are exempt without further
justification, provided that such projects do not involve substantial functional,
locational, or capacity changes.

C. Statewide safety improvement programs include specific safety projects that can be
justified on the basis of State or national levél data, which will be additionally
supported by data and analysis stemming from the State (or ISTEA) management
system requirements once the systems are fully operational. Projects meeting this
exemption category would come out of the Highway Safety Improvement Program
(23 CFR Part 924) and the Highway Bridge Replacement and Rehabilitation
Program (23 CFR Part 650, Subpart D). The Highway Safety Improvement
Program also includes the Hazard Elimination Program (23 U.S.C. 152).

d. Specific projects for which justification is needed to show that the project is
related to safety, unless the project is drawn out of a statewide safety program and
would be likely to reduce accidents, would include capital projects such as:

- Elimination of, and safety features for, railroad-highway grade crossings.

- Changes in vertical or horizontal alignment.

- Increasing sight distance.

- Elimination of high hazard locations or roadside obstacles.

- Shoulder improvements, widening narrow pavements.

- Adding or upgrading guardrail, medians and barriers, crash cushions, fencing.
- Pavement resurfacing or rehabilitation to improve skid resistance.

- Replacement or rehabilitation of unsafe bridges.

- Safety roadside rest areas, truck size and weight inspection stations.



- Addition and upgrading of traffic control devices, (traffic signals, signs, and
pavement markings).

- Lighting improvements.

- Truck climbing lanes.

Justification for an exemption on the grounds of safety must be based on accident or other
data such as the data derived from a State’s safety and bridge management system, the
Highway Safety Improvement Program, or the Highway Bridge Replacement and
Rehabilitation Program. Such data need not be specific to the proposed project's location,
but may be based on accident or other data from similar conditions, including national
experience where such projects have been implemented to remove safety hazards. For
example, rigid highway sign posts were identified in the past as a safety hazard causing
unnecessary deaths and injuries. The identification of this hazard led to national policy
requiring rigid posts to be replaced with breakaway poles.

Projects exempted under the safety provision may not involve substantial functional (such
as upgrading major arterial to freeways), locational, or capacity changes except when the
safety problem could not otherwise be solved.

Congressionally Authorized Activities

Seven project types are identified specifically in the CAA section 179(b)(1) as exempt
from highway sanctions. Essentially, these are projects that generally do not result in
increased SOV capacity, or improve traffic flow (e.g., intersection improvements or
turning lanes) in ways that reduce congestion and emissions:

a. Capital programs for public transit. These include any capital investment for new
construction, rehabilitation, replacement, or reconstruction of facilities and
acquisition of vehicles and equipment.

b. Construction or restriction of certain roads or lanes solely for the use of passenger
buses or High Occupancy Vehicles (HOV). Exempt projects include construction
of (or conversion of existing lanes to) new HOV lanes, if those lanes are solely
dedicated as 24-hour HOV facilities.

C. Planning for requirements for employers to reduce employee work-trip related
vehicle emissions. This includes promotional and other activities associated with
this type of program that are eligible under Title 23.

d. Highway ramp metering, traffic signalization, and related programs that improve
traffic flow and achieve a net emission reduction.
e. Fringe and transportation corridor parking facilities serving multiple occupancy

vehicle programs or transit operations (this includes the construction of new
facilities and the maintenance of existing facilities).



f Programs to limit or restrict vehicle use in downtown areas or other areas of
emission concentration, particularly during periods of peak use, through road use
charges, tolls, parking surcharges, or other pricing mechanisms, vehicle restricted
zones or periods, or vehicle registration programs. Exempt projects include all
activities of these types that are eligible under existing funding programs.

g Programs for breakdown and accident scene management, non-recurring
congestion, and vehicle information systems, to reduce congestion and emissions.

The FHWA will consult with EPA on any project claimed to reduce emissions (e.g., with
projects falling under paragraphs c, d, and g above). However, the final authority to
determine whether a project meets the criteria in this memorandum and is exempt from
highway sanctions rests with the FHWA.

Air Quality Improvement Programs that Do Not Encourage SOV Capacity
Transportation programs not otherwise exempt that improve air quality and which would
not encourage SOV capacity (as determined by EPA in consultation with DOT) are also
exempt from highway sanctions. For example, projects listed in section 108(f) of the CAA
and projects funded under 23 U.S.C. 149, the CMAQ program, are projects which EPA
and DOT may, after individual review of each project, find to be exempt from highway
sanctions. For these projects to advance while highway sanctions are in place, the State
must submit to DOT an emissions reduction analysis similar to that required under the
CMAQ program. Upon receipt, DOT will forward it to EPA. The EPA will complete its
review and make its finding regarding air quality and SOV capacity within 14 days of
receipt of such information.

The EPA and DOT have agreed that the following projects will be categorically exempt
from highway sanctions, and will not require additional EPA review or an individual
finding by EPA:

a. The TCMs contained in an EPA-approved SIP or FIP which have emission
reduction credit and will not encourage SOV capacity.

I/M facilities and activities eligible for CMAQ funding.

Bicycle and pedestrian facilities and programs.

Carpool/Vanpool programs.

Conversion of existing lanes for HOV use during peak-hour periods, including
capital costs necessary to restrict existing lanes (barriers, striping, signage, etc.).

opog

In considering exempt projects, States should seek to ensure adequate access to
downtown and other commercial and residential areas, and should strive to avoid
increasing or relocating emissions and congestion.
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Projects That Have a “De Minimis” Air Quality Impact and Provide Other Environmental
or Aesthetic Benefits

The following projects are likely to have “de minimis” environmental or environmentally
beneficial impacts, provide other aesthetic benefits, do not promote SOV capacity, and
are, therefore considered exempt from highway sanctions:

Wetland Mitigation.

Planting Trees, Shrubs, Wildflowers.

Landscaping.

Purchase of Scenic Easements.

Billboard and Other Sign Removal.

Historic Preservation.

Transportation Enhancement Activities (except rehabilitation and operation of
historic transportation buildings, structures, or facilities).

Noise Abatement.
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Planning and Research Activities: Planning and research activities for transportation
and/or air quality purposes are exempt from highway sanctions (except as noted in the
Project Development Activities section). Such planning and research is critical for the
development of projects that improve safety and address an area's transportation/air
quality needs. Planning and research activities may include development of an
Environmental Impact Study or Environmental Assessment (under NEPA) in conjunction
with a major investment study. Major investment studies are planning studies which
normally take a multimodal approach in considering transportation alternatives, and are
therefore exempt from sanctions under this criteria.

Research activities also include those research, development, testing, and planning projects
involving the National Intelligent Transportation Systems (ITS) Program funded by Part B
of Title 6 of the 1991 ISTEA. The goal of the ITS Program is to use advanced
technology to improve travel and roadway safety without expanding existing
infrastructure. The ITS activities are generally done under seven broad categories:

(1) transportation management and traveller information; (2) travel demand management;
(3) public transportation operations; (4) electronic payment; (5) commercial vehicle
operations; (6) emergency management; and (7) advanced vehicle control and safety
systems. Therefore, planning and research activities associated with the ITS Program are
also exempt from sanctions under this criteria.

Project Development Activities: Development and completion of studies to meet
requirements under NEPA are exempt from highway sanctions as long as consideration of
projects that would be exempt under this policy memorandum, such as transit or other
Transportation Demand Management (TDM) measures, are actively pursued as reasonable
independent alternatives. Once all alternatives that could be considered exempt from
highway sanctions under this policy memorandum are eliminated, project development
activities for NEPA or other purposes are no longer exempt and can no longer be



approved or funded under Title 23. For example, if prior to completion of NEPA
documentation, all TDM measures are eliminated from consideration and the sole
remaining question is the determination of an alignment for a highway capacity-
expanding project (which may include TDM), subsequent project development activities
are not exempt from highway sanctions.

The FHWA may not approve preliminary engineering for final design of a project, nor can
approval be granted for a project's plans, specifications, and estimates after initiation of
highway sanctions for projects that are not exempt under this policy memorandum.
Neither right-of-way nor any necessary equipment may be purchased or leased with
Federal funds for nonexempt projects while an area is under sanction. Federally-funded
construction may not in any way begin on a project that does not meet the exemption
criteria described in this policy memorandum while an area is under sanction.

Highway sanctions apply to those projects whose funds have not yet been obligated by
FHWA by the date the highway sanction applies. Those projects that have aiready
received approval to proceed and had obligated funds before EPA imposes the prohibition
may proceed even while the area is under sanction, if no other FHWA action is required to
proceed. In the case of a phased project, only those phases that have been approved and
had obligated funds prior to the date of sanction application may proceed. For example, if
preliminary engineering for a project was approved and funds were obligated prior to
application of sanctions, but no approval was secured for later project phases (such as
right-of-way acquisition, construction, etc.), preliminary engineering could proceed while
the highway sanction applies, but no subsequent phases of the project could proceed with
FHWA funds unless the total project meets the exemption criteria in this policy
memorandum. These restrictions pertain only to project development activities that are to
be approved or funded by FHWA under Title 23. Activities funded under Title 49,
U.S.C., or through State or other funds, may proceed even after highway sanctions have
been imposed unless: (1) approval or action by FHWA under Title 23 is required; and

(2) they do not meet the exemption criteria of this policy memorandum.

Other Environmental Requirements
Exemption of a transportation project from Section 179(b)(1) highway sanctions does not waive

any applicable requirements under NEPA (e.g., environmental documents), section 176(c) of the
CAA (conformity requirement), or other Federal law.
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Regional Federal Highway Administrators

We have become aware of an important issue regarding the extent
to which activities funded with Intelligent Vehicle Highway
Systems (IVHS) funds from Title VI, Part B, of the Intermodal
surface Transportation Efficiency Act (ISTEA) are subject to the
conformity requirements of the Clean Air Act Amendments of 1990
(CAAA) and the Transportation Planning and Program Requirements
of the ISTEA. This memorandum is intended to provide guidance on
the issue for the Federal Highway Administration (FHWA) programs
supported with IVHS funds, especially in the following two areas:

1. IVHS Early Deployment Projects
2. TIVHS Operational Tests (including the Corridors Program)

It is essential that the requirements of CAAA and of ISTEA be
followed in the development of IVHS plans, programs, and
projects. Following the requirements will lead to effective IVHS
projects that have the support of decisionmakers. Even though
IVHS activities funded under Title VI of the ISTEA by themselves
may not generally be subject to these requirements, the long-term
growth and expansion of the IVHS Program will likely result in
projects that will be subject to these requirements. There will
be instances for project completion, integration, or expansion
where conformity and transportation planning/programming
requirements will apply. Given these situations, there are three
general scenarios in which to consider the extent that the
conformity and transportation planning and program requirenments
are applicable.

Scepario #1: Activities runded Under the Early Deployment Program

Activities funded through the early deployment program are
considered to be comprehensive IVHS planning and feasibility
efforts. In these cases, the activities are not subject to
the conformity requirements because they are for planning
purposes and are not considered to have any air quality
consequences. Similarly, such activities do not need to be
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included in the metropolitan or statewide transportation
plans and improvement programs. However, such activities
should be included in the unified planning work program for
the metropolitan area to ensure that they are integrated
into the overall transportation planning process and the
results are considered in the development of plans and
programs for the metropolitan area.

Projects which result after the early deployment planning is
completed, that focus on a particular application, location,
or technology, are subject to the conformity requirements
and need to be included in both the metropolitan and
statewide transportation improvement programs (TIP’s). The
projects also need to be consistent with the metropolitan
and statewide transportation plans. These projects, which
may represent the first phase of a long-term effort, must be
subject to a conformity review in order to determine whether
they can be considered neutral.

gcenario #2: A Pure IVHS Operational Test or Corridor Project

If an IVHS operational test or corridor project is of a
strict testing or research nature, it is not subject to the
conformity requirements and does not need to be included in
either the metropolitan or statewide plans and TIP’s. This
may include operational test projects which evolve from an
early deployment planning activity. As in Scenario #1, the
activity should be included in the unified planning work
program to ensure integration with the overall
transportation planning process. However, after research
and testing phases are completed, the long-term, wide-scale
installation of tested and proven technologies is subject to
the conformity requirements and needs to be included in both
the metropolitan and statewide TIP’s. The project must also
be consistent with the metropolitan and statewide plans.

An additional note on conformity needs to be made under this
scenario. This scenario assumes that no new construction
will be necessary to implement the operational test. If new
constyuction is necessary, then the conformity requirements
would apply. If construction is required, a determination
would need to be made as to vwhether the project is
considered neutral and vhether a regional or localized (hot
spot) analysis is necessary. For example, the
synchronization of an existing traffic signal system as part
of the operational test would not require a conformity
determination. The construction of new changeable message
signs and/or traffic signals (e.g., at an intersection or
for ramp metering) for the operatichal test would be
considered a neutral project under the conformity
requirements and not require a regional analysis; however,
it may require a localized (hot spot) analysis.



Federallv-aided Proiect

If the project funded with IVHS funds is part of a larger
federally-aided project, then the entire project is subject
to the conformity and transportation planning requirements.
For example, if IVHS funds are used to support the
demonstration of a traveler information kiosk at a mode
transfer center or park-and-ride facility that is being
expanded with Federal funds, then the entire project,
including the kiosk, is subject to the conformity
requirenents and must be included in both the metropolitan
and statewide TIP's. The project must also be consistent
with the metropolitan and statewide transportation plans.

The regulations and the procedures that govern the conformity and
the transportation planning/program activities are complex and
still evolving. We expect that issues and questions will arise
that test the requirements and procedures, especially as they
relate to IVHS projects. While we cannot attempt to portray
every issue or scenario in this memorandum, we hope that this
guidance is useful in determining the extent to which the
conformity and transportation planning/program requirements
apply, with regard to implementing IVHS activities. We strongly
encourage your offices to work closely with the States, the
metropolitan planning organizations and the local agencies to
ensure that these requirements are met and that they will not be
a barrier to the implementation of IVHS (or any traffic
management) projects.

If you need further assistance with this guidance, or any aspect
thereof, the following individuals are available:

* Mr. Wayne Berman, Traffic Management Branch, HTV-31,

202-366-4069.

* Ms. Kathy Laffey, Noise and Air Quality Branch, HEP-41,
202-366-2077.

* Mr. Dean Smeins, Planning Operations Branch, HEP-21,
202-366-0230.

Please feel free to call these individuals.

Ol-e — Dt Cud

Anthony R. Kane Dennis C. Judyck
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Federal Transit Federal Highway
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Subject: INFORMATION: Analyzing Exempt Projects Date:
in the Conformity Process FEB 3 [995
Director, Office of Planning, FTA Reply to
From: Director, Ofice of Environment Attn. of

and Planning, FHWA

To: Regional Federal Transit Administrators
Regional Federal Highway Administrators

Recently, several of our field offices have raised the issue of
whether it is permissible to estimate the emissions effects of
highway or transit projects which are listed as exempt projects
in the transportation conformity rule and use the results of this
analysis in determining conformity of the transportation plan and
TIP. The issue also involves whether the projects listed in 40
CFR 51.460 lose their exempt status if an area decides to take
emissions reduction credit for them in the plan/TIP conformity
analysis.

EPA's conformity rule does not address this issue directly, but
there is nothing in the rule that would preclude it. While we
continue to believe that exempt projects will have minimal
emissions effects relative to the regional emissions burden, this
issue has gained importance in a number of areas because of the
very small differential between the emissions estimates for the
'build' and 'no-build' cases. For these areas, even minor
emission reductions can be consequential.

We discussed this issue with EPA staff responsible for the
conformity rule and they agreed that it is permissible to
estimate the emissions effects of exempt projects and use the
results in determining conformity of the plan and TIP. The rule
itself notes that the air quality benefits of some small
projects--particularly TCMs--may not be captured in the travel
demand modeling which underlies the regional emissions estimate
for the plan and TIP (40 CFR 51.452(a)). Thus, it allows
'off-model' emissions estimates for such projects in accordance
with reasonable professional practice. These separate emissions
estimation techniques can be used for exempt projects as well.
Alternatively, exempt projects may be folded into the MPO's
network modeling depending on whether the models are sensitive
enough to register any changes in travel due to the project.

Concerning the issue of whether projects lose their exempt status
if an area chooses to do this, DOT and EPA agree that the
projects remain exempt and can proceed in the absence of a
conforming plan and TIP. The strictures in the conformity rule
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prohibit regionally significant projects from advancing in order
to prevent uncontrolled increases in transportation emissions
when conformity cannot be demonstrated. The justification for
exempting certain highway and transit projects from the adverse
consequences of the conformity process is based on a judgment
that these projects have negligible effects and there is no air
quality benefit to be gained by blocking them in the event the
plan and TIP cannot be found to conform. The concept of
exemptions grew out of an understanding that there are projects
which are very important for maintaining the viability of the
existing system but have very little air quality impact. Thus,
the rationale for exempting such projects exists regardless of
whether or not they are analyzed in the context of plan/TIP
conformity.

We have asked EPA staff to inform their regional offices about
this position and have also asked that they address this subject
in the next set of questions and answers dealing with
interpretations of conformity rule provisions. If you have any
questions about this, please contact Mike Koontz at (202)
366-0639 or Abbe Marner at (202) 366-0096.

~—
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Kathryn Sdrgeant, EPA



(A Memorandum

US.Department
of fransportation

Federal Highway
Administration

INFORMATION: Timely Implementation
Subject:  of Transportation Control Measures (TCMs) Date: FEB 20 998

Director, Office of Planning Operations, FTA TPL-10/HEP-40
From:  Director, Office of Environment iﬁ%’?;ﬁ A. Marner, x60096
and Planning, FHWA L. Garliauskas, x62068

To:  Regional Federal Transit Administrators
Regional Federal Highway Administrators
Federal Lands Highway Program Administrator

The intent of this memorandum is to clarify how transportation conformity requirements will be
applied to transportation control measures (TCMs) within the context of the second set

of transportation conformity amendments (40 CFR parts 51 and 93, amended 11/14/95). The
second set of amendments allows any TCM in an approved State Implementation Plan (SIP) to
proceed regardless of whether there is a currently conforming transportation plan and
transportation improvement program (TIP), and regardless of whether the project was once
included in a previously conforming transportation plan and TIP. This provision pertaining to
TCMs was added to the second set of amendments to ensure timely implementation of TCMs in
approved SIPs. The rationale is that these TCMs which are supportive of an area’s attainment or
maintenance plan should not be delayed as a result of conformity lapse.

The FHWA and FTA have a responsibility to ensure that projects using Federal funds and/or
requiring Federal approvals have been developed through the transportation planning process.
The Environmental Protection Agency (EPA) recognizes this in the preambles of the second and
third sets of amendments. The preambles specify that EPA will not approve SIPs containing
TCMs that have not been coordinated through the transportation planning process or met
requirements set forth in Title 23 and the Federal Transit Laws which create the funding
mechanisms for TCMs. The second set of amendments does not circumvent the statewide and
metropolitan planning requirements in the Intermodal Surface Transportation Efficiency Act of
1991 (ISTEA), or the conformity provisions of the Clean Air Act, which call for all transportation
projects to come from the most recently adopted conforming transportation plan and TIP. These
plans and TIPs, among other things, must:

° demonstrate fiscal constraint;
° have gone through a coordinated transportation and air quality planning process;
and

. meet public participation requirements.
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Both the ISTEA and the Clean Air Act Amendments require that the transportation and air quality
planning processes be integrated. From a practical standpoint, transportation projects which are
proposed to be added to SIPs as TCMs should have met all of the transportation planning
requirements (e.g., fiscal constraint, plan conformity, etc.) before they are included in, and
approved as part of, the SIP.

Please make sure that State and local transportation and air quality officials are aware of the
above requirements for TCMs so that: 1) SIP approvals are not delayed, and 2) FHWA/FTA are
in a position to fund and/or approve the TCMs that are included in an approved SIP. We hope
that this additional clarification will be useful as questions arise about the TCM flexibility in the
recently enacted conformity amendments.

%&/*; 1/4 Zw L4

Kevin E. Heanue
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U.S. Department

of Transportation
Federal Highway Federal Transit
Administration Administration

INFORMATION: Planning Horizon for Date: 2
Metropolitan Plans AR <y 1998
Reply 1o
Am. o  HEP-20
Associate Administrator for
Program Development
Associate Administrator for

Planning

To: FHWA Regional Administrators

Qlottc M. Adams

FTA Regional Administrators

In recent months, as a product of certification reviews and technical assistance requests, we have
had to develop strategies for dealing with several metropolitan areas that adopted transportation
plans that do not satisfy the requirement for a 20-year horizon. This requirement is in statute
(23 U.S.C. 134(g)(2) and 49 U.S.C. 5303(f)(2)) and the FHWA/FTA joint planning regulations
are built around it. Indeed a discussion in the regulatory preamble indicates that it would be
prudent to develop plans with 23 to 25-year horizons so that it would not fall below this 20-year

threshold at any time,

In the first round of plan updates, prior to December 18, 1994, we allowed the Metropolitan
Planning Organizations to utilize less than a 20-~year horizon, as long as an area could develop a
plan that would satisfy air quality requirements. This phase-in altemative is discussed in

23 CFR 450.336(a), i.e., “If a forecast period of less than twenty years is acceptable for SIP
development and air quality conformity purposes, that same time period will be acceptable for
transportation planning.” All plan updates after this date are expected to comply with a 20-year
horizon. The provisions for this requirement can be found in 23 CFR 450.322(a), i.e. “The
metropolitan planning process shall include the development of a transportation plan addressing

at least a twenty year horizon.”

There is no differentiation between attainment and non-attainment areas on the 20-year horizon
requirement. This requirement stems from the transportation planning provisions of ISTEA and
the conformity process merely relies on it. However, the conformity regulations do make
compliance more compelling in non-attainment areas. The only difference between attainment

and non-attainment areas is the frequency of plan update; 3-years in non-attainment areas and
S-years in attainment areas.

If you have any questions concerning this matter; please contact either Sheldon Edner, HEP-20,
202/366-4066, or Charlie Goodman, TPL-12, 202/366-1944.

;;omasJPtaki ; '
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(A Memorandum

U.S. Department
of Transportation
Federal Highway
Administration

INFORMATION: Travel Modeling Guidance oae: DEC 2! 1995
for Air Quality Analysis
Reply to
Director, Office of Environment Atn. ot  HEP-20
and Planning

Regional Federal Highway Administrators

The validity of travel model estimates used for air quality planning is being intensely scrutinized by
a number of interest groups in the environmental community. Also, there is a certain amount of
confusion regarding the capabilities of current, in-use models vis a vis modeling requirements for
conformity analysis contained in the current Conformity Rule. The purpose of this memorandum
is to provide you (and the transportation/air quality stakeholders) with the latest information
regarding model validation and reasonable expectations of current travel model capabilities.

Attached to this memorandum are three papers: (1) Checking the Reasonableness of Travel
Model Forecasts, (2) Travel Modeling State-of-the-Art, and (3) a TRB reprint of “Simplified and
Rational Approach to Address New Modeling Requirements for Conformity Analysis. The first is
one of two papers being developed by the Metropolitan Planning Division on the subject of model
validation and covers the elements of what constitutes an adequate assessment of the validity of
travel models. The paper does not cover the details of “how to do it,” but does include the steps
that modelers should follow to adequately prove to themselves (and to others) that the model
results are reasonable and can be used with confidence. A more extensive paper being developed
under contract will include the technical details and steps necessary to perform a model validation.
This companion paper should be available spring of 1996.

The second paper attached is a status report of current modeling capabilities and improvements
being made to models through various research programs, including our interagency Travel
Model Improvement Program (TMIP). This paper was produced to clarify what tools are
available now and in use and what tools are still in research and not yet proven. The model
application topics are keyed to a number of questions raised by the Environmental Protection
Agency (EPA) and others in the environmental community regarding reasonable expectations of
current and available models. As progress is made in both the short-term and long-term research,
we will provide you with updates. Products of this research will be implemented through our
program of technical assistance and training. We are also in the developmental stages with the
Texas Transportation Institute for a pilot technical assistance program for new planning methods.
A new NHI course “Advanced Travel Demand Forecasting,” which presents “tried and true”
advanced modeling techniques, will be available in early 1996. We will keep you informed of the
progress of these efforts.



The third paper is a reprint of a paper published in Transportation Research Record 1472 and
presented at the January 1994 TRB meeting. The paper presents simple, but rational, procedures
that States and MPOs can use to address many of the modeling requirements in the current
conformity regulations. These relate to speed and travel time estimates. The paper also suggests
that trip speeds, rather than link speeds, may be a better way to estimate emissions.

On a number of occasions in the past, we have emphasized the importance of good and complete
documentation of model development and validation by the State, MPO, or contractor conducting
such work. With the increased interest in good information, it is essential that assumptions used
in modeling and the reasonableness of the results be documented so that key assumptions are
understood by the public. This documentation should include the assumptions that are made as
part of the socio-economic and demographic forecasts. We urge you to ensure that provision for
substantive documentation is an element of the MPO’s unified planning work program.

= //‘@xﬂéd

Kevin E. Heanue
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CHECKING THE REASONABLENESS OF TRAVEL MODEL FORECASTS

Metropolitan Planning Division, FHWA
July 26, 1995

INTRODUCTION

The ultimate test of any travel demand model is the reasonabieness of its base year
(or other recent year) estimates and its forecasts for the future. There are two basic
groups of tests:

1. Model validation: How capable are the models in replicating the “"observed"
conditions?
2. Reasonableness of Forecasts: Are the forecasted FUTURE numbers of

person trips, trip lengths, mode shares, vehicle trips and vehicle miles of travel
(VMT) reasonable in comparison with estimates for the years for which
relevant data is available, in comparison with historic trends, and in
comparison with forecasts for similar urban areas?

It is good practice for travel modelers to maintain complete documentation of the
results of all model checks undertaken, including model input data and assumptions.
This is important so that technical personnel from other agencies or public interest
groups can easily understand the level of uncertainty inherent in the model forecasts,
and so that new technical personnel can easily understand and replicate (if needed)
the technical procedures used in the modeling process.

In Sections Il and Il of this paper, we discuss the types of model output checks that
should be made in each of the above categories. For both categories, model inputs
must be checked before model outputs are reviewed. We therefore begin the paper
(Section 1) with a discussion of model input checks.

This paper summarizes key checks that should be made by analysts. We list WHAT
should be done, not HOW the analyst may proceed to perform the checks. FHWA is
currently sponsoring development of a "Model Validation and Reasonableness
Checking Manual" which will describe the analytcal techniques which may be used to
perform the checks.

Travel demand forecasting using the four-step process is central to the analysis and

evaluation of transportation system plans and programs in metropolitan areas.
Outputs from the process are also used for corridor, subarea, and project-level
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analyses, as well as for regional analyses of air pollutant emissions for air quality
planning. Each of the above uses of outputs from the four-step process requires
differing levels of accuracy and "refinement" of model forecasts. For example,
regional emissions analyses require only aggregate checks for accuracy at the
regional level; it would be unreasonable to attempt to check and refine link level
forecasts (as might be required for project-level or corridor-level analyses).

This paper focuses on aggregate regional accuracy checks. These are the types of
checks which may be adequate, for example, to ensure accurate travel demand
inputs for emissions analyses to get regionwide emissions estimates, such as
regional emissions inventories and emissions estimates for regional plan or program
conformity analyses. They are not adequate checks if a more detailed level of
analysis is needed, e.g. for transit ridership estimates in specific corridors, highway
segment or intersection traffic estimates or local CO hot spot analysis. FHWA's
forthcoming "Model Validation and Reasonableness Checking Manual" (referred to
above) will describe both the WHAT and the HOW (i.e. the analytcal techniques) for
other uses of the model outputs which require more detailed levels of analysis.

This paper is not intended to be a comprehensive guide; it only highlights the key
checks, reflecting good practice, which should be made to determine the
reasonableness of results from the modeling effort. More details on model checking
may be obtained through the references described at the end of this paper (see Ref.1
and 2), and from FHWA's forthcoming "Model Validation and Reasonableness
Checking Manual", to be referred to as the MVARC Manual in the rest of this paper.

SECTION I: CHECKING MODEL INPUTS

There are two major inputs to travel demand forecasting models. The first is the
"networks", which are the primary inputs affected by transportation infrastructure
improvements proposed in transportation plans and programs, i.e. the "build”
alternative. The second major input is a dataset describing the best estimates of
future land use and socio-economic characteristics of the metropolitan area.
Reasonableness checking of travel model forecasts must therefore start with these
inputs, and then proceed on to checking of outputs from each step of the four-step
travel demand forecasting process (i.e. trip generation, trip distribution, mode choice
and trip assignment), as described in Sections Il and ill of this paper.

Network Inputs

The MVARC Manual will discuss detailed procedures for checking the coded
attributes of network links (e.g. distance, speed, facility class, area type, number of
lanes, etc.). For analyses which involve updates to the base network, assuming that
the existing base or "no-build" highway network has already been checked, the
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simplest check of the accuracy of coding of highway network changes resulting from
the "build" scenario is to produce color-coded plots of the "build" and "no-build"
highway networks and overiay the build network over the no-build network to visually
check the differences. Network links should be color-coded by number of lanes to
check for lane additions (or lane reductions, if proposed).

Land Use and Socio-Economic Data Inputs

The MVARC Manual will discuss detailed procedures for checking the base year
socio-economic data. Unrealistic forecasts of socio-economic data and land use
patterns are a major source of error. For both build and no-build scenarios,
"aggregate" checks should seek to answer these questions:

1. How realistic are projected rates of growth in regionwide employment,
population and households, relative to historic rates of growth? Are they in
agreement with the latest planning projections made by other public agencies
at the metropolitan or State level?

2. How realistic are forecasts of key variables and their projected rates of change,
relative to current (or base year) values and recent rates of change, and
relative to other similar metropolitan areas, for: (a) population/employment; (b)
population/households; (c) employment/households; (d) vehicles/households;
(e) median income/household; and (f) any other key model input variables?

Zonal-level checks should be also be made, seeking to answer these questions:

1. Are development forecasts consistent with changes in zonal accessibility?
Comparison of land use patterns for the build scenario with the no-build
scenario is an important check. Traffic analysis zones (TAZs) which gain or
lose significant levels of accessibility should be identified for both scenarios,
and land use forecasts for these TAZs should be examined to check whether
assumed future development patterns are consistent with these changes.

2. Are development forecasts consistent with plans and zoning ordinances of
local jurisdictions? At a minimum, TAZ socio-economic forecasts should be
aggregated by local jurisdiction units and/or sub-units and compared with
forecasts of the same variables in adopted local plans. (Note: If aiternative
land use scenarios are being evaluated, consistency will not be needed.)

SECTION II: MODEL VALIDATION

Validation checks are designed to identify differences between model outputs and
observed conditions, and the cause of any differences.



At the outset, it should be noted that simply looking at vehicle traffic or transit
passenger volumes or aggregate VMT estimates is inadequate. Offsetting errors
within the four steps of the process can produce "reasonable" comparisons, even if
the underlying travel demand patterns estimated by individual components (i.e. steps)
within the model are incorrect. Therefore, it is important that outputs from each step
of the model be checked against "observed" data as discussed below, and problems
corrected.

"Observed" data to be used in the comparisons may be obtained through local travel
surveys, including home interview surveys, transit passenger surveys and counts, and
traffic volume counts. Note that for air quality analyses, traffic counts used for
comparison must be obtained either from FHWA's Highway Performance Monitoring
System (HPMS) or from another locally-developed traffic monitoring system permitted
with the concurrence of US DOT and US EPA. The Census Transportation Planning
Package (CTPP) is major source of work travel data. For non-work travel data,
sources such as the National Personal Transportation Study (NPTS) may be used
(see Ref. 3). Comparisons may also be made with observed data from other similar
metropolitan areas. As a "reality" check, comparisons may be made with dissimilar
areas, to check if the differences in travel characteristics are in the "right" direction
(e.g. one expects VMT/person in New York City to be much lower than the
VMT/person in Houston.)

At a minimum, the following "aggregate” travel characteristics from the travel model
should be checked against the types of data discussed in the paragraph above:

(A)  From trip generation output --

1. Person trip productions/households regionwide, by trip purpose;
2. Work trip productions/employment regionwide;
3. How do aggregate regonwide trip productions by purpose compare with

aggregate regionwide trip attractions by purpose?
(B) From trip distribution output --

1. Average trip lengths, both in minutes and in miles, by trip purpose.
2. What share of total trips, by purpose, are intrazonal?

(C) From mode choice output --

1. What are the shares of trips by auto driver, auto passenger, and transit
passenger modes, for each trip purpose?

2. What share of total transit trips are destined for the Central Business
District (CBD)?

3. What share of trips access the transit system by auto?

4



(D)  From traffic assignment output--

1. What share of total vehicle trips were not assigned (i.e. were
intrazonal)? What is the share of through trips and external-internal
trips?

2. How do estimates of regionwide VMT compare with estimates based on

the most recent Highway Performance Monitoring System (HPMS) data
or other locally-developed traffic monitoring system permitted with the
concurrence of US DOT and US EPA? (Note: If there are differences
between base year model VMT and count-based VMT, all estimates
from the four-step model are required to be adjusted by the percentage
difference before use in estimating regionwide emissions for emissions
inventories or for conformity analyses, uniess other procedures are
approved by USEPA/USDOT,; see 40 CFR 93.130.)

3. What share of total VMT is carried on: (a) freeways and expressways;
(b) other principal arterials?

4, If trips are assigned by time of day, what are the shares of daily VMT in
each time period?

5. How do "congested" travel speeds output from assignment compare with
observed travel speeds on the system?

6. Is there reasonable correspondence between assignment output speeds
and network speeds used as input into trip distribution and mode
choice?

SECTION Ili: REASONABLENESS OF TRAVEL FORECASTS

In checking the reasonableness of future travel forecasts, the same step-by-step
procedure discussed under model validation should be applied. However, "observed"
data is not available to check against. Therefore, the analyst must simply check
against the forecasts for other similar urban areas, against historical trends, and
against validated model estimates for the base year. This may be done by noting the
direction and magnitude of any changes between the base year and the forecast
year, and then assessing whether the changes are reasonable given what is known
about the metropolitan area and other similar metropolitan areas relative to historical
trends, and forecasted changes in socio-economic and land use characteristics,
transportation infrastructure improvements and transportation policy changes such as
introduction of pricing mechanisms.

A good overall check of reasonableness of forecasts is to simply plot historical trend
rates and future growth rates for various model input variables and model outputs, to
look for inconsistencies and identify reasons for them. For example, plot regionwide
data on:



o} Network inputs -- lane miles, bus miles, etc.

Socio-economic inputs -- population, households, workers, vehicles, etc.

o] Model outputs -- person trips, transit trips, auto driver trips, VMT,
average system speed, etc.

o

With respect to transportation policy changes designed to influence travel demand
(i.e. TDM or travel demand management), it should be noted that four-step models
currently used by transportation planners are incapable of estimating many TDM
policy effects. Therefore, "off-model" procedures must usually be employed. The
results of such analyses are then married with four-step model forecasts. In checking
the results from these procedures, the following questions should be asked:

1. Are the magnitudes of forecasted changes in numbers of trips, trip lengths or
mode shares consistent with the level of commitment of policy-makers and/or
employers as measured by the magnitude of incentives or disincentives
planned to be implemented and the number of employees to be covered by the
policy?

2. Are the techniques used to make the demand estimates generally accepted
practice?

As stated in the begining of this paper, a good overall check of reasonableness of
forecasts is to simply plot historical trend rates and future growth rates for various
model input variables and model outputs, to look for inconsistencies and identify
reasons for them. For example, plot regionwide data on:

o Network inputs -- lane miles, bus miles, etc.
o] Socio-economic inputs -- population, households, workers, vehicles, etc.
o Model outputs -- person trips, transit trips, auto driver trips (i.e.vehicle

trips), VMT, average system speed, etc.

SUMMARY

This paper has outlined WHAT should be done to validate travel models and check
reasonableness of forecasts when model outputs are to be used for aggregate
regional level analyses, such as for regionwide air pollutant emissions analyses. A
forthcoming FHWA Manual will provide discussion on what should be done for more
detailed types of analyses, as well as HOW both aggregate level and more detailed
checks may be performed.

In summary, both model validation as well as reasonableness checking of travel

model forecasts involve two stages: checking of model inputs (i.e. networks and
socio-economic data), and checking of model outputs from each of its four steps. In
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model validation, model outputs for the base year are checked against base year
"observed" data for the urban area as well as other similar urban areas. In
reasonableness checking of travel forecasts, the validated base year mode! outputs,
historical trends and forecasts for other similar urban areas are compared with future
year model forecast outputs, in order to check for reasonableness of changes from
the base year.

REFERENCES

1. Supplement to NHI Course No. 15254 "Introduction to Urban Travel Demand
Forecasting”, Participants’ Notebook. National Highway Institute. July, 1993.

2. Dane Ismart, "Calibration and Adjustment of System Planning Models".
Publication No. FHWA-ED-90-015. December, 1990.

3. Vincent, Mary Jane et al. 1990 NPTS: Urban Travel Patterns. Report No.
FHWA-PL-94-018. June 1994.



ATTACHMENT 2
TRAVEL MODELING STATE OF THE ART

The Clean Air Act Amendments (CAAA) and the Intermodal Surface
Transportation Efficiency Act (ISTEA) have placed new requirements on the travel
forecasting process. Many new and innovative procedures have been proposed or are
under development as a result of these requirements. It is important that practitioners at
all levels and the transportation planning and environmental communities have a clear
understanding of the latest travel forecasting methods available and in practice today.
These groups also need to have reasonable expectations of model capabilities.

This paper provides guidance to state governments, Metropolitan Planning
Organizations (MPO), Federal Highway Administration (FHWA) and Federal Transit
Administration (FTA) field offices and the Environmental Protection Agency (EPA), on
the latest procedures available for implementation and procedures awaiting further
research. The procedures discussed here are those which have been brought to the
attention of EPA, FHWA or FTA. They do not represent an exhaustive list of all
forecasting improvements which are needed or are under consideration.

This paper will be updated periodically as research is completed and becomes
available for implementation. The paper addresses availability only and makes no
judgement on the applicability or need for the procedures in particular areas. That a
procedure is available should not be construed as a recommendation for its use. Each
metropolitan area must determine its own modeling needs.

The following procedures will be discussed:

Person trips as the basis for forecast

Travel surveys and data collection

Quantitative land use/Network models

Realistic free flow speeds

Consistency between assignment and distribution
Pricing

Non-motorized travel

Hour by hour analysis and peak spreading

Trip chaining/Activity based forecasting

Long Term Research '

1. Person trips as the basis for forecasts - The current process has the full capability
of forecasting person trips as a basis for all analysis. Most applications of the current
process begin with person trips. In smalier areas vehicle trips may form the basis for
forecasting and processes to identify non-auto trips are added as a supplement. For
small areas with very low transit shares, this is appropriate.

2. Updated travel surveys and data collection underlying model development and
application - In many areas survey data are quite old, having been collected during the
1960s or 1970s. In these instances data may not adequately support model updates. If



a metropolitan area believes that additional data collection is appropriate, the following
information is pertinent:

Currently the Department of Transportation (DOT) and Environmental Protection
Agency(EPA) are sponsoring the development of a travel survey manual for
states and MPOs. This will aid them in providing for better data collection. A
course, based on the manual, is being developed through the National Highway
Institute. A major component of the Travel Model Improvement Program (TMIP)
focuses on research and training needed to improve metropolitan data collection
methods for travel forecasting.

Although better data collection techniques are currently available, the time and
expense of collecting and analyzing the data (one to two years) mean that the
benefits of improved data will not be immediately available.

It is likely that in the future activity based forecasting will replace trip based
forecasting. Areas choosing to undertake new data collection should structure
surveys so that the results will support both traditional methods as well as activity
based methods (e.g. Trip diaries, for example, should record activity at the trip
destination).

3. Quantitative Land Use/Network Model - The ISTEA metropoclitan Planning
Regulations require metropolitan areas to consider the impacts of differing
transportation alternatives on land use. One method of doing this is a quantitative land
use model.

Approximately 15 to 20 MPOs have implemented this type of land use
forecasting procedure. These models are most appropriate in large areas. However,
land use models are not needed in areas where adequate alternative methods have
been identified.

4. Realistic Free Flow Speeds - In many areas the true free-flow speeds are higher
than the posted speeds. Accurately reflecting travel on the network through an
assignment model is a matter of adjusting speeds (actually impedances) until volumes
are in close agreement. To be realistic, the actual free flow speeds may be used as a
starting point, but final speeds after model validation will not always match observed
speeds due to the assignment algorithm.

5. Consistency between assignment and distribution - This involves building
feedback loops between the assignment models and the distribution models. Thisis a
desirable result. The DOT and EPA have completed a research project addressing
technical procedures for building these feedback loops. The report is listed in the
references. The report is planned for distribution in the Spring of 1996.

6. Pricing - Traveler responses to pricing include changing route or mode, changing
time of day of travel and in extreme cases changing destination or not making a trip.
The EPA has recently published a report on the effects of pricing on travel. This



report gives further guidance on incorporating pricing into the modeling process. (see
"Guidance on the Use of Market Mechanisms to Reduce Transportation Emissions”,
see bibliography attached)

Research is currently underway to develop network analytic procedures to
handle muitiple criteria, such as time and cost, simultaneously in the assignment
process. This work is scheduled for completion in the summer ot 1996.

7. Non-motorized travel (Walk and bike trips) - Current mode choice procedures can
have a portion of trips allocated to walk and bike. (See "Short-Term Travel Model
Improvements', DOT-T-95-05, Section 2, see bibliography attached). Normally this is
handled through the mode choice model.

8. Hour-by-hour analysis and peak spreading - Methods are available to forecast
hourly travel. These tend to be empirically based rather than behaviorally based. For a
simplified approach, readily available, see "Simplified and Rational Approach to
Address New Modeling Requirements for Conformity Analysis" DeCorla-Souza et al.,
Transportation Research Record 1472 (copy attached). Since these methods are
empirically based, they can not reflect the impact of periodic congestion on trip chaining
or behavior.

9. Trip chaining/Activity Based Forecasting - Activity based forecasting creates a
series of activities to be accomplished in a given period, then links them together to
form a trip chain. To be done to best advantage, this requires that the trip chain and
activities be forecast by time of day. It also requires that network models be responsive
to travel by time of day.

Modest improvements to current forecasting techniques can be made by moving
to trip chaining and activity based forecasting. By their very nature these techniques are
closer to how actual travel decisions are made. However, the full benefit of moving to
this type of forecasting procedure will be realized when it can be combined with network
assignment procedures which can continuously simulate traffic by time of day.

It appears that activity based forecasting will likely replace trip based forecasting
in the future. Areas which are considering major updates and improvements to
forecasting processes should consider moving to an activity and trip chaining approach.
However, this change should be part of a comprehensive update, not solely to change
the forecasting method. (See comments on data collection under item 2)

LONG TERM FORECASTING IMPROVEMENTS

Methods discussed above focus on improving the existing four step modeling process.
Structural flaws in the current process severely limit its ability to more accurately reflect
traveler behavior. As an example, it is difficult to forecast or analyze travel by time of
day (For a currently available approach using the four step process, see TRR Paper
1472, bibliography attached). This means it has limited capability of reflecting trip
chaining, can not analyze travel decisions involving change in time of travel, and can't
adequately analyze policies designed to shift time of travel (e.g. peak hour pricing). The



full effects of pricing, peak spreading and trip chaining can not be analyzed using
current methods.

In addition, a major component of emissions comes from accelerations and cold
starts. The four step process can not predict which trips will be hot or cold starts and
can not model accelerations.

In response to the above needs, the DOT, in cooperation with the EPA has
established the TRansportation ANalysis and SIMulation System (TRANSIMS) at the
Los Alamos National Laboratories in New Mexico. TRANSIMS was specifically
designed to meet the requirements of the CAAA and ISTEA and represents the next
generation of travel forecasting techniques. TRANSIMS will have the following
components:

1. The forecast of a regional distribution of households.

2. Forecast of a set of activities for each household and a trip chain including time of
day) for meeting the activities.

3. A regionwide microsimulation of travel, including both highway and transit.

4. An air quality analysis procedure which predicts emissions from the operating mode
of the vehicle (cold start and acceleration are included).

The entire system is expected to be completed in four years, with major
subcomponents available earlier.



Simplified and Rational Approach
To Address New Modeling Requirements
for Conformity Analysis

PaTRICK DECORLA-SOUZA, JERRY EVERETT, BRIAN GARDNER, AND

MicHAEL CLLr

Recent conformuty regulations require air quality nonattainment areas
in sertous or higher categones to use many model features that are not
currently used in the travel forecasting processes of most urban areas.
Many of these requirements are related to speed and travel ume esti-
mates. For example. travel times used in trip distribution are required to
be 1n reasonable agreement with travel times resuiting from trip assign-
ment. which assumes that reasonable speeds are output from tnp assign-
ment. [n addition. peak and off-peak travel demand and speed esumates
are required. The issues relaung to each of these requirements are
discussed: procedures to satisfy these requirements in a simple but
rational way are developed: the potential impacts ot the simplified pro-
cedures on emissions esimates and conformity tests are investigated.
Another 1ssue relaung to speeds and travel ume is whether tnip speeds
instead of link speeds should be used as inputs to emissions analysis. [n
current practice. a link-based approach is used to obtain speed and vehi-
cle acuvity inputs for EPA’s MOBILES emission factor modet. Never-
theless. a tnp-based approach is more rational because it is consistent
with the way speed cycles are used to develop emission factors. The
impact a trip-based approach might have on the results of conformity
analysis is examined through a case study application of a conformty
analysis for a typical large urban area.

The role of travel models has expanded as a result of mandates in
the Clean Air Act Amendments (CAAA) of 1990 and conformity
regulations issued in November 1993 pursuant to CAAA. The con-
formity rule has defined certain standards that travel modeis are
required to meet for conformity analyses in urban areas that are des-
ignated as serious or above nonarttainment areas for ozone or carbon
monoxide. These urban areas were required to develop enhanced
travel modeling capabilities by January 1, 1995. Issues relating to
the new modeting requirements are discussed, and procedures to
accomplish these requirements in a simple but rational way are
demonstrated. The procedures are suggested for use where
improved models have not yet been developed or where improved
models do not address the issues satisfactorily.

In serious and above nonattainment areas, the conformity rule
sither requires or encourages many model features that are currently
not used in the forecasting processes of most urban areas. The next
section discusses the issues relating to features required in two steps
of the travel forecasting process: trip distribution and traffic assign-
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ment. A later section. Simplitied Procedures. Jdiscusses oroposed
simplified procedures to address the 1ssues.

The 1ssues are all primanly related to the accuracy of 2~tmuated
speeds. an important vanable n conformuty tests. Specirically.
speeds used as tnput into trip distnbution are required to te in rea-
sonable agreement with speeds output trom tratfic assignment: tree-
flow speeds based on empincal observation are 1o be provided on
network links for input into traffic assignment: speeds are to be
calculated at the link level: and finally, estimates of speed and vehi-
cle mules ot travel (VMT) are to be provided for peak and otf-pesk
periods.

_ Speed is also an important tactor in accounting tor ditferences 1

emissions estimates if a trip-based approach /1 is used tor analysis
instead of the conventional link-based approach. However. the con-
tformity rule appears to be silent on the approach to be used to cal-
culate average speeds. Therefore, in a later secuon. Analyis
Results. the potential impact of using a tnp-based approach forcon-
formuty analysis through a case study for a large urban area 1> inves-
tigated. Conformty test results using a tnp-based ipproach ure
compared with test resuits using a link-based approach. Also. for the
link-based approach. results using link speeds esumated wuth the
simplified procedures were compared with results using "hest
practice” procedures to esumate link speeds.

CONFORMITY ANALYSIS ISSUES

This section discusses speed-related issues in conformuty analysis.
These issues are categorized as follows:

e Comparison of assignment output speeds with tnp distnbution
input speeds, .
Peak spreading under congested conditions.
Assignment input speeds.
Peak and off-peak speed estimation. and
Trip-based versus link-based emissions estimation.

Comparison of Output and Input Speeds

“The conformity rule requires travel times used in trip distribution to

be in reasonable agreement with travel times resulting from trip
assignment. It is believed that congestion. in addition to other
etfects such as shifts in mode use. route choice. and tume of travel.
causes trips to be sent to closer destinations. Thus. in a “no-build”
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scenano. travel distances (and theretore VMT) could be less than in
a “build” scenano. Analysis attempting to implement this teature
1n the forecasting process tace two main questions:

¢ Do travel ume tnputs to tnp distnbution measure the same
vanabie as travel ume outputs from tnp assignment’

e Are current state-of-the-practice analysis techmques capable
of producing iccurate post-assignment travel times or speeds’

Unfortunately. the answer to both questions is "no™ for the current
state of the practice tor the reasons discussed.

Do travel time inputs to trip distribution measure the same
variable as travel ime outputs from trip assignment’?

The basic problem is that congested speeds output from trip assign-
ment are peak hour (i.¢.. low) speeds. even if daily trips instead of
peak trips are assigned. whereas trip distribution is generally done
for daily trips. Congested travel times. which occur mainly during
peak periods. should not be used to distnbute daily trips—most of
which actually occur in off-peak periods. Although people make
decisions on which destinations they should go to during peak pen-
ods based on peak period speeds. it is irrational to assume that they
make decisions on where they should go at other times of the day
based on the same peak period speeds. Therefore. average daily
speeds are more appropriate for use as input into trip distnbution.
because average daily trips. not peak period trips. are being distrib-
uted. Consequently. average daily speeds should be obtained from
tnp assignment betore valid comparisons can be made to check for
reasonable agreement.

The next section discusses a simple way to estimate average daily-

speeds from assigned daily traffic volumes based on recently com-
pleted (FHW A\ research (2.3). Note that when urban areas develop
advanced state-of-the-art travel models with separate trip distribu-
tion models for 2ach time period. estimates of average peak and off-
peak speeds will be needed not average daily speeds. The proce-
dures discussed can be extended to calculate such estimates.

Another compatibility problem is that travel times output by traf-
fic assignment are not true travel times but actually “impedances.” In
other words. they represent more than just travel time: they include
other factors that may affect route choice (e.g.. preferences by dri-
vers for using different facility classes.) These impedances are devel-
oped by adjusting free-flow speed inputs during model calibration to
reflect non-time-related factors. Adjustments are made through an
iterative process until a good balance of traffic by facility or area type
15 obtained to maich counted traffic. Thus. even in those rare cases
where trip distribution may be done by peak and off-peak periods.
the impedances output by trip assignment should not be compared
with travel times used in trip distribution. Such a comparison would
be approprate only if “true” congested travel times are first estimated
using a speed postprocessor. ( The next section of this paper discusses
a simple procedure to obtain peak and off-peak travel times by hour
of the day. directly from assigned daily traffic volumes.)

Are current analvsis techniques capable of producing
accurate post-assignment travel times or speeds’?

The output post-assignment speeds may be inaccurate even if (a) the
assignment procedure uses “accurate” relationships of volume-to-
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capacity (V/C) rauos to speed. including free-flow input speeds
based on empincal observaton or tb) speeds are corrected througn
postprocessing. There are two reasons for this. First. most assign-
ment procedures do not incorporate the effects of peak spreading
(i.e.. the tendency of trnip makers to shift from the preferred ume of
travel (dunng the peak) to otf-peak penods or to shoulders of the
peak. when they are faced with peak penod congestion.| Thererore.
peak-hour volumes are usually overestimated under congested con-
ditions and. consequently. so are V/C ratios. A peak spreading
mudel has been developed 1n only one urban area—Phoenix. An-
zona (+4). However. even this model 15 Llimited 1n uts applicauon.
allowing shifts to the |-hr penods before and after the peak hour.
but not to off-peak periods. This may be sufficient 1f capacity is
available within these |-hr shoulders ot the peak penod. but not 1t
the total 3-hr travel demand 1s close to or exceeds the total 3-hour
capacity. as is currently the case in many of the largest urban areas.

The procedures proposed in this paper consider the etfects of peak
spreading. including rot only shifts from the peak hour 10 1ts shoul-
ders. but also shifts from peak penods to off-peak periods that may
occur under severe congestion. Basically. assigned daily tratfic vol-
umes are distributed over all hours of the day based on seventy of
congestion, using the results of previous FHW A research (2.3

Second, speeds output from state-of-the-practice postprocessors
do not accurately represent true speeds because these postproces-
sors do not fully consider queueing. For example. a link may have
a low V/C ratio but still have a low speed if it 1s atfected by queue-
ing due to a downstream bottieneck (i.e.. spillback ) or due to queues
formed in a pr=-1ous ume period duning which demand volumes
exceeded capacity. The procedures proposed in this paper develop
appropriate techniques to address the 1ssues raised by queueing due
to excess demand from a previous time period.

Peak Spreading Analysis Issues

The conformity rule requires models to provide peak and off-peak
travel demand and travel time estimates. There appear to be two re!l-
evant impacts of time-of-day (T-O-D) analysis. First. emissions
models predict higher emissions at the low and the high ends of the
speed range (bottoming out at about 88.7 kmvhr (55 mph) for HC
and CO and at about 48.4 kmvhr (30 mph) for NO,|. theretore sepa-
rate (low) peak and (high) off-peak speeds should generate higher
modeled emissions than a composite peak/otf-peak 1mid-range)
speed. if all other model parameters are the same for peak and oft-
peak periods. Second. a no-build scenario might show less conges-
tion and emissions if the T-O-D analysis procedure incorporates
peak spreading effects (i.e.. the tendency of travelers to shift ume of
travel in response to congestion. as discussed earlier). In other words.
under a no-build scenario for which peak spreading is modeled. esu-
mated peak hour speeds may not be as low. and high ott-peak speeds
may be moderated. reducing relauve emussions. On the other hand.
under a build scenanu. peak spreading effects may not be as signit-
icant because of the reduction or elimunation of congestion.
Addressing the T-O-D analysis requirement 1s not easy (f con-
gestion influences are to be considered. One option 1s to pertorm
T-O-D splits in earlier steps of the four-step process. as is done in a
few large urban areas. However. in the few urban areas where this
option is applied. peak spreading effects are not modeled '+
Instead. observed T-O-D spiits are used from base-year home inter-
view surveys to split future daily tnps into a.m.. p.m.. and oft-peuak
tnps. Splitung may be done either (a betore trp distnbution 1.2,



Jally 1D 2NN are SO0t ~oerore mode chowe (.e.. person tnp
sotes are ~plit, or o nerore rattic dssignment fre. vehicle tp
raples are sphits To vahidate the dssigned voiumes. traffic counts
A T-0-D sre aeeded. Because of s compleuty and s data
sagquirzmients -hoth travel survey and count data are needed by
T-0-D. this rype ot procedure ts probably impractical in the future
0 ARy aonattainment areds. Also. because the T-0-D tactors used
are Jeveioped rrom nase-veuar data. they do not reflect shutts in time
S trasel an he tuturg as oresult of congestion. and additonal
~asearcn il he needed o develop models that refate T-O-D spiits
0 Longesien.

The procedures proposed in this paper spht assizned daily traffic
by hour of the dav using simple T-O-D and directional distnbution
procedures that account for peak spreading under congested con-
Jinons, set asoud the complexity of the above T-O-D analysis
procedures. ’

Input Speeds for Trip Assignment

The conformuty rule requires input free-flow speeds to be based on
empirical obsenauons. The contention 1s that many urban areas use
posted speeds as inputs instead of observed free-flow speeds. There-
fore. these speeds are often underestimated because motorists often
exceaded speed limits. Lower speeds tend to underestimate NO,
emussions. and on high speed facilities, HC and CO emissions tend
to be underestimated as well.

At first glance. addressing this conformuty requirement appears
simple. {t appears that all that is required is to recode the network
speeds to match sampled observed free dow speeds on various facil-
ity classes. However, such recoding could result in major shifts in
assigned traffic voiumes so that they no longer match ground
counts. This 1s because modelers often adjust tree-flow speed inputs
during model calibration to obtain a better match of assigned vol-
umes to ground counts: the rationale is that the adjustments reflect
factors other than travel ume te.g.. driver preferences for using
some facility types) that atfect route choice. In other words, free
flow speeds used as input in many assignment models are not meant
o be accurate speeds but only calibrated impedance parameters.
Using a postprocessor to get more accurate average daily and hourty
<peeds appears to be a more reasonable approach to address the
intent of the conformity rules. ]

The procedures proposed in this paper do not attempt to adjust
input tree-How speeds but instead focus on estimating output speeds
more accurately using a postprocessor. which accounts for empini-
cally observed free flow speeds as well as peak spreading and
queuetng phenomena.

Peak and Off-Peak Link Speeds

Along with estimates of peak and off-peak VMT, the conformity
rule requires estimates of peak and off-peak speeds. The conformity
rule-also implicitly requires estimates of traffic speeds and delays
to be based on estimates of traffic volumnes and capacities on net-
work links.

A common practice is to average speeds by functional class. Such
average speeds tend to be in the middle of the speed range where
emission factors are lowest for HC and CO and not usually very
sensitive to small differences in speed.

The requirement for more accurate link speeds has been
addressed in some areas using sophisticated approaches based on

the Higaway Cupaciey Manual HCM 50 s detucd our =arm-
eters ie.g.. signal cvele lengths) by functiondl s The Hous ne
Gulveston Area Councit's procedure 61 i 1 Zood cvamoie A0

intermediate level of detail uses relationsntos of v Cratios o ons

way fevel of service 1 LOS) und LOS to speed trom oo n-up tucies

of queuetng from a1 pres1ous time penod. Js explained eartier

The procedures outiined in this paper may be used 1o vbtan
hourly speeds that incorporate vehicular delay Jdue to queuerny trom
1 previous tme period. A simple postprocessor Wy Jeeioped 10
obtain queuerng-sensitive average daily ~peeds. und the procedures
are being extended under FHW A sponsorship to ohtain average
hourly speed estimates directly from assigned datly trarric, dving
relationships that vary by factlity type and ares thpe

Trip-Based Versus Link-Based Analysis

In current practice. estimates of travel activity tie.. VMT: und
speed are link based. However. emussion tactors in EPA™ MOBILE
model are based on data that represent trip trasel characteristics
instead of link-level travel characteristics. In the Federal Test Pro-
cedure. which 1s the basis for developing baseline emission ractors.
“bags” of pollutants are collected trom entire trips about 20 min
long. Therefore. developing travel charactenistics tor limited ~eg-
ments of the highway network is inconsistent =+ ith the base from
which MOBILE factors are developed (i.e.. enure tnps.) [n partic-
ular, average speeds on which MOBILE factors are based represent
speed cycles for an entre trip. not speed cycles on any specinic link.
(This problem could be solved by developing emission factor mod-
els based on facility type-specific speed cycles. The Califormia Aur
Resources Board is attempting to devetop such models ror trezways
and arterials.)

A previous paper ( /) describes a method to dertve VMT and aver-
age speeds based on trips instead of links. The applicauon ot the
procedure to this case study is described 1n a later section, Case
Study.

SIMPLIFIED PROCEDURES

Figure 1 provides an overview of the simplitied procedures pro-
posed in this paper to address the speed-related conformuty analysis
issues discussed in the previous section. The top part of Figure |
indicates the process used to estimate average daily speeds from
assigned traffic volumes. which are used to check for reasonable
agreement between output speeds from trip assignment and speeds
input into trip distribution. The bottom part of Figure | indicates
postprocessing procedures to obtain travel demand esumates by
time-of-day that are sensitive to peak spreading and obtain peak and
off-peak speeds that incorporate peak spreading and queueing
effects. The procedures are discussed in greater detail in.the
following subsections.

Average Daily Speeds

The procedures rely heavily on recent FHWA research (2.3) to
develop average daily speed determination models based on data for
freeways and signalized arterials. The procedures developed in the
research effort to estimate average daily speeds involve three steps:
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FIGURE 1 Travel analysis procedures.

1. Daly traffic is first split into volumes by hour and direction.

2. Hourly direcuonal traffic is used to estimate hourly traffic
delays. and

3. Delays are accumulated over all hours to obtain total delays
over a 24-hr period. Average daily speeds are then calculated.

For Step i. the research used data from automatic traffic
recorders to develop T-O-D distribution profiies of directional link
tratfic for various levels of congestion. Congestion was measured
in terms of the rano of average daily traffic to link capacity
tADT/C). ADT was measured on either an annual average basis or
an average weekday basis. AADT or AWDT.

For Step 2. the research used traffic simulation models. i.e..
NETSIM and FRESIM (8). and the demand estimates by hour (gen-
erated by the T-O-D distributions) to simulate queueing delay
etfects by hour for typical freeways and arterials operating at vary-
ing ADT/C ratios.

In Step 3. these delays were accumulated over all hours of the day
and aggregated with travel times at free-flow speeds to obtain totai
daily travel time and average (VMT weighted) daily speeds.

The study developed empirical relationships to esimate hourly
link volumes and total daily delay for varving ADT/C ratios (2).
These equations were later refined (3). The refined equations devel-
oped 10 estimate average daily speed for arterials are

AADT/IC <=7 DR =(]-¢*#%1687 1770
AADT/C>7: DR=tl=¢"#4[1926~144(x~T
- Li6tx = 7] = 0,160 (x = 7)°
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and the refined equations developed to esumate average Jaily speed
for freeways are

AADT/C < =8 DR =0.0797x - 0 00385«
8§ <AADT/C < =12 DR =12 - 295c - 0193«
AADT/C > 12: DR =196 — 336x - 00342

where

r = AADT/C.
DR = daily vehicle hours of delay |.000 VMT,
n = signals per mile.
AADT = average annual daiiy traffic. and
C = highway capacity «vehicles/hour:

For this case study analysis. the earlier unrefined equations o esti-
mate average daily speed were used. Zone-to-zone travel time
skims were then developed using these speeds und compared with
skims used as input into tnp distribution.

T-O-D Traffic Splitting

The T-O-D modei uses average daily assigned traffic as input. Daily
traffic is split into traffic for each hour of the day using profiles of
the hourly distnbution of traffic. which vary by ADT/C ratio. Thus.
peak spreading effects are automatical!y incorporated. Examples of
the profiles are shown in Figure 2 and :n Table 1.

Peak and Off-Peak Speeds

The simplified procedures for estimation of houriy speed presented
here are not vet fully developed and computerized. Reseurch spon-
sored by FHWA is underway to extend the basic procedures used 0
develop the average daily speed determination modets to provide
hourly speeds. The procedures will use the hourly delay estimates
generated for the purpose of developing the average daily peed
equations to calculate hourly speeds. [nformation on frez-fow
speeds will be combined with hourly delay estimates to obtain aser-
age hourly speeds. Because free-flow speeds vary by facility type
and area type. separate delay refationships (based on ADT/C ratio
will be developed by facility type and area type.

CASE STUDY
This case study had four objectives:

1. To demonstrate how the above simplinied procedures could be
applied in a real-world situation—compute trom assigned Juily
traffic (a) peak and off-peak traffic volumes and by average daily
link speeds. (Note: The demonstration of the procedures for esti-
mating average peak period and off-peak link -peeds v anaiting
completion of FHW A research on hourly speed models.»

2. To compare link-based emissions estmates using average
daily link speeds (estimated with these sumplitied procedures with
estimates using best practice speed estimation procedures. t Note: In
best practice. emissions are esumated using average peak pertod
and off-peak link speeds.)
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FIGURE 2 Distribution of total daily trip- and link-based YMT for build.

3. Tonvestgate the potenual impact of using these simplified
procedures for conformity analysis by comparing conformity test
results that used the simplified procedures with test results that used
best pracuce speed esumauon procedures. (Note: Emissions
estimates in both cases would be link based.)

4. To investigate the potenual impact of using a trip-based
approach for conformity analysis. by comparing conformty test
results that used a tnp-based approach with test results that used a
link-based approach. ( Note: Speed estimates in both cases would be
average daily link speeds using the simplified procedures: the only
difference would be that in the trip-based approach speeds would be
averaged over the enure tnp instead of on individual links.)

The case study analysis was conducted for a large urban area
(Baitimore. Maryland). The case study involved a conformity test
for a “theoretical” financially unconstrained long-range pian that
would return highway levels of service to those existing in 1990. To
focus on the etfects of differences in average speed estimates under
the various approaches. the no-buiid network assigned daily traffic
volumes (and VMT estimates) were used for both the build and
no-build alternatives. Note that the use of feedback loops in travel
models generally has the effect of lowering VMT estimates for the
no-build alternative (relative to the build alternative). as a resuit

TABLE 1 Daily Emissions for Baltimore Study Area

of shortening of trip lengths tdistances) by the trip distribution
model under congested conditions. Occasionally. this effect may be
offset by increases in VMT because of drivers seeking tlonger
uncongested routes in tnp assignment.

No-build network average daily speeds were esumated using
daily traffic volumes from the no-build network trarfic asstgnment.
Build network average daily speeds were esimated usinig base veur
1990 network assigned tratfic volumes and capacities mecduse :t
was assumed that the build network would return ADT.C ruuos o
1990 levels. The following subsections discuss the ipplication
procedures used tor the case study.

Postprocessing Link Data
Postprocessing of assigned daily tratfic involved desveloping.

o Average daily speeds. using the simplified procedures outlined
in this paper.

o -Peak and off-peak traffic volumes using the simplified proce-
dures. and

o Peak and off-peak speeds using best practice procedures.

The postprocessor used for this study was developed as a stand-
alone module outside the travel demand model. Link charactensucs

STSNO-BOLD —— O ROHD | were passed between the demand model and the postprocessor
vy SO ne siane) ﬁ using an ASCII data base. Extracting. post pro;ess@ng. anfi recom-
"YHIP —BXSED: 102 reare 79 var a7 78] piling the network required approximately 10 min ot ...omputer
TINR-BASED: S ' time. The post processing procedures will be discussed in greater
o detail.
NETWORK LINKS  83.004.498:
4.4 |
m Average Daily Speeds
NETWORK LINKS  63.087.738 o
W M BZ Bi 3 ARSI 20 k2] Average daily speeds were calculated as described previously in the
section. Simplified Procedures.



Esumating Peak and Off-Peak Traffic Volumes

The postprocessor esumated hourly link volumes using AADT/C
relationships developed for the average daily speed determinauon
models 12). Peak and off-peak hours were idenutied based on
the percentage of daily trarfic 1n each hour. and total tratfic was
then aggregated for three time perods: a.m. peak. p.m. peak. and
off-peak.

Peak-direction information was unavailable within the network
data for this case study urban area. However. this information was
needed for the best practice speed esumauon procedures. Theretore,
links with odd A-node numbers were assumed to have an a.m. peak
direction and links with even A-node numbers a p.m. peak direc-
uon. This provides a reasonable esumate of peaking etfect and does
not affect estimates of aggregate link ermussions (1.e.. total erussions
from traffic in both directions .

Peak and Off-Peak Speeds

The simplified procedures outlined earlier could not be used. pend-
ing completion of the FHW A-sponsored research ialso descnibed
earlier) to extend the average daily speed determination models to
hourly speed estimation.

Currently best practice. peak. and off-peak speeds are estmated
using HCM procedures. Because one case study objective was [0
compare emissions estimates that used simplified procedures with
emissions estimates that used best practice. a postprocessor was
developed to incorporate best practice procedures for estimating
hourly speeds. The procedures are complex because they require sig-
nal locations to be identified and coded. instead of using defaults by
facility tvpe and area type. as proposed in the simplified procedures.

The procedures consist of two submodels. one for freeways and
one for arterials. The procedures are derived primarily from the
HCM procedures and estimate link speeds by hour of the day.
Although the HCM procedures do not explicitly mode! delays due
to queueing in a previous hour or spill-back. they predict through
delays on simple signal approaches as well as on freeway links for
reasonable V/C ratios (i.e.. less than 1.3). Because the input hourly
traffic was obtained from the T-O-D mode! described (which incor-
porates peak spreading effects). reasonable V/C ratios were esti-
mated on almost all links.

The freeway mode! used the updated HCM saturated flow rate of
2.200 vphpl 19}. The speed limit was used as the average free-flow
speed for V/C ratios of up 10 0.70. A crawl speed of 12.9 kmvhr (8
mph) was used for V/C ratios over 1.1. The regime from 0.70t0 1.1
was assumed to be linear.

The arterial model was substantially more compiex. Previous
studies have shown that traffic control (i.e.. signal and stop sign
density) governs the travel impedance on signalized artenals
(2.10.11). The HCM uses signal approach through delay and arter-
ial running speed to estimate average hourly arterial travel times and
speeds. This requires data on signal locations. arterial class. access
intensity. and approach capacity. Although these data were not
explicitly contained within this case study data base. much of it was
inferred from available information, and the remaining elements
were synthesized. For exampie. because data on actual signal loca-
uons were unavailable. signal density assumptions were made on
the basis of area type. facility type. and segment length. Artenal
class and running speed were estimated on the basis of area type.
segment length. speed limit. and facility type. Approach capacities
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were estimated on the basis of earlier work by the Flonda Depant-
ment of Transportauon /2.

Applying the Trip-Based Approach

Figure 3 presents the procedures used to appiy the tnp-based
approach. The Baltimore travel models estimate tnps for six tnp
purpose categonies and for a 14-hr period. Using nationai surves
data from Nationwide Personal Transportation Study /21 esu-
mates of operating mode percentages i.¢.. cold and hot start per-
centages) and vehicie mix tor each trip purpose were derived tor the
trip-based approach. Tnip length (i.e.. durauon: distnbutions were
obtained for each tnp purpose from the trave! models. based on
post-assignment average speeds. Average Jaily link speeds were
estimated as described earlier.

Emissions estimates were based on daily VMT and average daily
speeds. The assigned networks with postprocessed estimates of
average daily link speeds were skimmed to obtain zone-to-zone
travel uimes and distances. which were then used to obtain zone-to-
zone average speeds. Zone-to-zone daily vehicle tnps were
obtained from daily vehicle trip tables by purpose output from the
mode choice model. Zone-to-zone VMT was computed as zone-to-
zone vehicle trips times zone-to-zone distance. A previous paper (/)
discusses these procedures in greater detail.

Applying the Link-Based Approach

Two different methods were used to estimate daily emissions with
the link-based approach: (a) using daiiy VMT and average daiy
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FIGURE 3 Emissions estimation procedure for trip-based
approach.
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speeds estimated using the implined procedures and by using peak
1nd ort-peak VMT estimated using the simplified procedures. along
w1th corresponding peak and off-peak speeds esumated using best
practice.

Daily link-based VMT was developed from the “"combined pur-
pose” tratfic assignment. To ensure consistency with travel charac-
erstics developed tor the tnp-based approach. the cold and hot start
percentages. vehicle mix. and trip length t1.e.. duratton) distnbution
were obtained by compuung weighted averages of the parameters
used by tnp purpose n the trip-based spproach.

Because this case study focused on evaluaung the seasitivity of
emussions esumates o differences 1n speed estimauon procedures.
operauing mode percentages were not vaned by ume of day tor the
peak and off-peak application, although recent research by Veni-
galla et al.. in another paper in this Record. could be used to develop
such inputs in future work. Vehicle mix was not varied by tume of
day either.

ANALYSIS RESULTS

Table | compares HC and NO, emissions estimates for the no-build
and build alternatives. [t should be noted that Baltimore-specific
MOBILE settings were not used for technology parameters {i.e.. the
emission factors used do not retlect inspection and maintenance
(/M) programs|. Thus the emussions estimates developed are not
directly comparable to those developed for inventory or other reg-
ulatory purposes.

Table | indicates that the three approaches. each based on a dif-
ferent speed estimation procedure, result in sigmificant differences
in the amount of HC emissions estimated for the no-build alterna-
tive. Simular differences are observed for the build alternative. The
table indicates that HC emissions are substantially higher if the link-
based approach is used with average daily speeds estimated using
the simplitied procedures. Although the trip-based approach (with
average daily speeds) shows lower emissions for HC. they are still
higher than emissions estimated with the best practice link-based
“sum of penods” (i.e.. peak and off-peak periods) approach.

Figures 2 and 4 present protiles of VMT by peed ror the three
approuaches. The profiles suggest the reasons for the signiticant dir-
terences 1n ermussions estmates. [n Figure 2. the tnp-odsed ippreacn
i~ compared with the link-based approach. Even though averaze tnp
speeds tor the tnp-based approach are denved from the same iink
speeds 11.2.. based on links on the assigned paths between zones.
the tnip-based approach results in a concentration of VMT in the
center of the speed range. where HC emissions tend to be lower.
VMT under the link-based approach tends to concentrate tn the low
and high ends of the speed range.

Figure 4 compares the simplified procedures. using the link-
based approach. with best practice procedures. The best practice
procedures resuit 1n significantly fewer VMT in the low end of the
speed range below 24.2 kmv/hr (15 mph). where emussion factors
tend to be highest. The main difference in the two procedures ts that
queueing delay is handled more thoroughly in estimation of speeds
with the simplified procedures. leading to the sigmificantly higher
estimates of low speed VMT.

Table 2 presents the results for the build versus the no-build con-
formity tests for HC and NO,. The companson indicates that the
build alternative passes the HC test regardless of the approach used.
However. the build alternauve fails the NO, test if the tnp-based
approach is used. although it passes the test if the link-based
approach is used with either the simplified procedures or best prac-
tice procedures. In other words, for the NO, test. passing the test
depends on which approach is used.

CONCLUSIONS

Serious and above nonattainment areas will need to address specific
modeling requirements in the conformity rule issued in November
1993. This paper has developed simple and rational procedures to
respond to these needs and demonstrated application of the proce-
dures to the conformity analysis for a large urban area.

The main contribution of this effort is the operationalizauon of
simplified procedures for time-of-day analysis and esumation
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TABLE 2 Conformity Test

EMISSIONS (tonw/cay) DIFEERENCE

2010 2010 ADsoiute  Percent PASS

-19) NO-8UILD | [tong)
HC
TRIP - BASED 147 47 149.18 189 113%) YES
LINK-BASED 157 48 16221 472 291%| YES
3EST PAACTICE] _139.77 16322])  34s] 241%] YES
NOx
TRIP - BASED 11738 11708 -0.28) -0.2% NQ
LiINK - BASED 126.42 120.68 224 1.74%] YES
BEST PRACTICE 128 74 129 37 283 2,03% YES

of average daily speeds. FHWA is undertaking further research
to extend the capability of the average daily speed determunation
models to esumate hourly speed.

The paper also demonstrated that using the simplified procedures.
which handle queueing delay more thoroughly. can result in signif-
icantly higher emussions. In addition. using a trip-based approach to
perform emussions analysis can have a significant impact on the
resuits of conformity tests.

The contradictory conformity test results with alternative
approaches suggest that further investigauon is necessary to deter-
mine the cause of these differences and to determine which
approach would provide a better conformity test. Further investi-
gation 1s also needed to evaluate the effect of using peak and off-
peak analysis procedures with the trip-based approach (including
varying operating mode and VMT mix by ume-of-day).
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